Introduction
The cloning method that is termed somatic cell nuclear transfer is the insertion of the nucleus of a donor somatic cell into an unfertilized and enucleated recipient oocyte. Animal cloning technology had a significant breakthrough when successful nuclear transfer was reported using somatic cells derived from adult tissue in sheep (1) . After the first cloned mammal, a number of mammalian species have been cloned (2) . Until the first successfully cloned dog was reported (3), dogs were considered significantly difficult to clone due to species-specific characteristics of canine reproductive physiology as compared to other mammals (4) . Successful cloning of various mammals has established the potential for somatic cell nuclear transfer to preserve several species (5) (6) (7) .
Several phenotypic abnormalities such as abnormal legs and a short face in piglets have been reported (8) . However, the history of dog cloning is short compared to other species. There are very few reports associated with cloned dogs and, to date, there was no report about bone fracture and bone fracture healing in cloned dogs.
Fracture of the femur is the most common in the dog and cat, accounting for almost half of all long bone fractures (9) . It was reported that about 45% of long bone fractures were femoral fractures and 26% were tibial fractures (10) . Another study reported that approximately 10% of all limb fractures represented humeral fractures, of which 20% were condylar fractures (11) .
The purpose of this report was to study the healing of long bone fractures among three cloned dogs.
Case history
Three cloned dogs aged 3 months to 6 months with complaints of lameness had been presented to the veterinary medical center of Chungbuk National University. All dogs were from the Sooam Biotech Research Center, Korea. Each dog was a different breed, namely a Tibetan mastiff, a greyhound, and a beagle.
Case 1 was a 6-month-old cloned female Tibetan mastiff weighing 11 kg that had complaints of lameness and pain in the left hind limb. On clinical examination, the left femur was found swollen. A radiograph of the affected limb showed an oblique comminuted fracture of the left femur ( Figure 1 ). The dog was sedated, and the surgical site was shaved and disinfected. Acepromazine (Sedaject,sulfate (Atropin Sulfate Daewon, Daewon Pharmacy, Korea; 0.05 mg/kg SC), and cefazolin (Cefazol, Hangook Chorus Pharm, Korea; 30 mg/kg IV) were administered as premedication. Following this, general anesthesia was induced using propofol (Pofol, Jeil Pharmacy, Korea; 7 mg/kg IV) and maintained with isoflurane (Aerane, Ilsung Pharmacy, Korea; 2%-2.5%). Intramedullary pinning and hemicerclage wiring techniques were applied to stabilize the fracture; 4.8 mm and 3.0 mm diameter Kirschner wires and 1.0 mm diameter surgical wires were used for fracture stabilization. Robert-Jones bandages were applied for 3 weeks.
In case 2, a 6-month-old, 14.8 kg intact cloned male greyhound was referred for acute nonweight-bearing lameness with pain in the right pelvic limb. A radiograph showed the avulsion of the whole tibial tuberosity physeal fracture ( Figure 2 ). The principal clinical signs were swelling, pain, and lameness of the affected limb. Metoclopramide (Makcool Ju, Jeil Pharm, Korea; 1 mg/ kg IV) and cefazolin were administered as premedication. After sedation, anesthesia was induced with propofol and maintained with isoflurane. To fix the fragments of tibial tuberosity to the tibia and to prevent the lifting of the fragment with contraction of the quadriceps femoris muscle, two Kirschner wires were inserted and also a tension band was placed. After completing the surgery, the affected limb was bandaged with Robert-Jones bandages for 3 weeks.
Case 3 was a 3-month-old intact cloned female beagle weighing 6.4 kg with multiple fractures caused by a fall. The animal was in left recumbency and the right elbow joint was swollen. A radiograph revealed a right humeral condylar fracture (Figure 3) , bilateral sacroiliac luxation, and ischial fracture. Prior to surgery, the dog was premedicated with cefazolin. Propofol was injected to induce anesthesia and maintained with isoflurane and vecuronium (Vecron, Myung Moon Pharm, Korea). Surgery was performed to correct the sacroiliac luxation using two 2.0 mm cortical screws, and to fix the humeral condylar fracture, two Kirschner wires and a cortical screw were applied. Fracture of the ischium was not repaired and bandages were applied to the forelimb for 3 weeks.
The laboratory tests were not remarkable except for alkaline phosphatase level, which was elevated in all three dogs. After surgeries were completed, the three dogs were given tramadol (Tamadol, Dongkwang Pharmacy, Korea; After the surgical correction, results for all three dogs were evaluated by clinical and radiological examinations. In case 1, radiographic tests were taken at 14 days after surgery and showed rough and solid periosteal reactions and massive callus formation around the fracture site, which had gradually reduced 34 days after surgery. The dog gradually became able to bear its weight on the affected limb while walking 4 weeks after surgery. The continuity of the cortical bone of the fracture site was observed in a radiograph (Figure 1) .
In case 2, the dog had undergone a routine follow-up 4 weeks after surgery and the radiological examination showed a rough and solid periosteal reaction on the tibial tubercle ( Figure 2 ). The Kirschner wires were removed 2 months after surgery. No abnormalities such as stiffness, lameness, malunion, nonunion, or osteomyelitis were observed during a second follow-up 3 months after the first surgery.
In case 3, the beagle could stand up and walk with assistance 7 days after surgery. Radiographs at 16 days after surgery showed a solid periosteal reaction in the humeral condyle.
Ten weeks after surgery another follow-up radiograph was taken, which showed bone remodeling and continuity of the cortical bone at the fracture site in the right elbow ( Figure 3) . The sacroiliac joints were aligned and the dog was fully weight-bearing on the hind limb. The range of motion in the right elbow had improved but had not recovered completely.
Results and discussion
The aim of the surgical correction of a fracture in a young animal is to protect the growth plate for the purpose of aiding in the early return to usual function (12, 13) . Fracture healing will be shorter if anatomical alignment is achieved (14) . The bone healing time is variable and affected by age, breed, location and configuration of fractures, degree of soft tissue injury, existence of bone defects, and type of fixation applied. The current study included dogs aged 3 to 6 months. In the three cases, the healing process was quite satisfactory and there were no abnormalities such as delayed union or nonunion observed.
Comminuted fractures of the femur are the most difficult to maintain stability following a surgical reduction. If the bone fragments are small, neither semi nor cerclage wires will be able to maintain the suitable auxiliary support. For a satisfactory union, an intramedullary pin would be the choice of treatment for such fractures especially when the cerclage wires become unstable or when the unstable fractures become more dependent on periosteal blood vessels for bone repair than on nutrition from normally dominant endosteal pathways, which may lead to an unsatisfactory union due to the presence of loose cerclage wires. There was no loss of fixation or failure of any implants in case 1. The cerclage wires did not loosen and callus formation progressed normally. The avulsion of the tibial tubercle is seen mostly in younger animals of less than 10 months of age. Complete avulsion requires an open reduction and internal fixation by using the tension band principles to reform the integrity of the quadriceps complex (15) . In case 2, the greyhound showed no abnormalities, no malunion or nonunion, 3 months after surgery, which led to normal fractured bone healing. Among the three cases, case 2 represented a breed-related fracture, which is common in greyhounds (15) .
Femoral fractures are usually the result of major trauma, but they can be caused by disease of the bone itself. In the present study, the Tibetan mastiff had no previous history of bone disease that might lead to femoral fracture. Most frequently found complications in femoral fracture healing are delayed union or nonunion, avascular necrosis, secondary osteoarthritis, and cessation of neck growth in young animals, which may lead to subluxation of the hip.
Clinical and radiographic evidence of complications are mostly evident within 6 weeks (9). However, in the current study, the Tibetan mastiff did not show such complications both clinically and radiographically, which indicates that normal healing was in progress with IM pins and Kirschner wires.
Internal fixation of the tibial plateau with K-wires, in combination with a tension band wire for the avulsion of the tibial tuberosity, plays an important role in complete healing (16) . It was reported that the deformity of the tibial plateau was thought to be caused by an injury to the germinal cells of the proximal tibial epiphysis, premature fusion of the tuberosity to the epiphysis, or a combination of both (17) . In the case of the greyhound dog, we did not find these abnormalities during or after healing.
In pups, most humeral fractures are condylar fractures as a result of falling from heights because the extended elbow joint forces the anconeal process to contract the caudal aspect of the supracondylar region of the humerus with violent hyperextension or torsion of the limb; the anconeal process may act as a wedge leading to the separation of the medial and lateral aspects of the humeral condyle (11) , which also supports the present study in the case of the beagle. Decreased range of motion is a major complication related to these injuries and early return to function is imperative to ensure a good outcome (18) . There was no evidence that these fractures were the result of cloning and the laboratory results were also similar to those of noncloned dogs with a fracture. Moreover, the three cloned dogs showed normal callus formation and bone remodeling. There were no complications, including delayed union, malunion, nonunion, or osteomyelitis, during the bone fracture healing process. Radiographs also did not show any soft tissue infection at the site of surgery. All these findings suggested that the fracture of long bone in cloned dogs healed in a process similar to that of noncloned dogs.
There has been premature aging and degenerative lesions in cloned animals (19) . However, in this study, all of the cloned dogs were aged less than 1 year and there was no follow-up information longer than 6 months. Although the three young cloned dogs showed normal bone fracture healing, more studies are necessary about bone fracture occurrence, pattern, and fracture healing in aged cloned dogs.
This report shows that long bone fractures in cloned dogs heal in the usual manner as that of normal dogs.
